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Abstract 

We present a variation of the NAHE-basis for free fermionic heterotic string mod- 
els. By rotating some of the boundary conditions of the NAHE periodic/anti-periodic 
fermions {y™, y™, w^, vif^,}, for m = 1 to 6, associated with the six compact dimen- 
sions of a bosonic lattice/orbifold model, we show an additional method for enhancing 
the standard NAHE gauge group of SO (10) back to Eq. This rotation transforms 
(50(10) ^ 50(6)3)obs ® {Es)Md into (Eq U{lfUs ® 50(22)hid. When 50(10) is 
enhanced to Eq in this manner, the i*^ MSSM matter generation in the 50(10) 16^ 
rep, originating in the twisted basis vector bj, recombines with both its associated 
untwisted MSSM Higgs in a lOj rep and an untwisted non-Abelian singlet 4>i, to form 
a 27j rep of Eq. Beginning instead with the Eq model, the inverse transformation of 
the fermion boundary conditions corresponds to partial GUT breaking via boundary 
rotation. 

Correspondence between free fermionic models with 7L2®'S.2 twist (especially of the 
NAHE class) and orbifold models with a similar twist has received further attention 
recently. Our NAHE variation also involves ^lLi®lL2 twist and offers additional under- 
standing regarding the free fermion/orbifold correspondence. Further, models based 
on this NAHE variation offer some different phenomenological features compared to 
NAHE-based models. In particular, the more compact 1L2®'S.2 twist of the NAHE vari- 
ation offers a range of mirror models not possible from NAHE-based models. Examples 
of such models are presented. 
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1 NAHE Variation with a Geometric Twist 



The parameter space of the weakly coupled free fermionic heterotic string (WCFFHS) [H 
12] region of the string/M landscape has proven to be rich in quasi-realistic models containing 
the Minimal Supersymmetric Standard Model or its extensions. The WCFFHS region has 
produced a vast range of quasi-realistic (Near-)MSSM-like models [21 SI El E], semi-GUT 
models [11 El El ED], and GUT models [IT]. The majority of these models are constructed 
as extensions of the NAHE (Nanopoulos, Antoniadis, Hagelin, Ellis) set [12], with the 5 
basis vectors of the NAHE set as their common core. Within the five basis vectors of the 
NAHE set, the 12 real free fermions representing the 6 compactified bosonic directions have 
boundary condition vectors equivalent to a j'E.i ® TL^ orbifold twist. While basis vector 
extensions to the NAHE set may or may not break this Z2 ® ^2 symmetry, the quasi- realistic 
models consistently do not. 

The phenomenological fruitfulness of the WCFFHS region of the string landscape con- 
tinues to inspire attention. Recent random searches of the region have been performed 
[T3I [T4l [To] and systematic searches are underway [151 IlHl [El [H]. Distribution functions of 
various phenomenological features have been computed and are being further refined by the 
systematic searches. 

Also of current focus is the correspondence between free fermionic and orbifold models 
[T9l [20I [211 [22| [23] . In [19] a complete classification was obtained for orbifolds of the form 
X/G, with X the product of three elliptic curves and G an Abelian extension of a group 
of Z2 ® IL2 twists acting on X. This includes j'E.i ® Z2 orbifolds. Each such orbifold 
was shown to correspond to a free fermionic model with geometric interpretation. The 
NAHE basis and certain model extensions were shown to have geometric interpretation and 
thus, have orbifold equivalences. However, the general class of quasi-realistic models with 
a NAHE basis were shown not to have geometric interpretation-specifically, their Hodge 
numbers were not reproducible by any orbifold X/G. In other words, the beyond-NAHE 
basis vectors necessary to yield a quasi-realistic model (by reducing the number of copies 
of each generation from 16 to 1 and breaking 5*0(10) to a viable sub-groupE) consistently 
break the T^/Z2 ® Z2 symmetry in a manner that also eliminates geometric interpretation. 

The non-geometric feature of the quasi-realistic WCFFHS models inspired us to investi- 
gate variations of the NAHE set that might allow for quasi-realistic models with geometric 
interpretation, particularly with geometric T^/Z2 ® Z2 interpretation. In the next section, 
we construct a NAHE variation of this form by rotating (interchanging) the boundary con- 
ditions of a subset of the 12 real fermions in two of the twisted sectors. We then explore 
some of the phenomenological aspects of our new model class, especially in comparison to 
those of the NAHE class. 

2 Construction and Phenomenology of the NAHE Variation 

The NAHE basis set contains 5 basis vectors: The all-periodic sector 1 (present in all free 
fermionic models), the supersymmetry generating sector S, and the three generation sectors 

*SO{l{)) must be broken via Wilson loop effects of basis vectors rather than by GUT Higgs, since adjoint 
or higher dimension scalars are not possible in Kac-Moody rank one models. 
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bj=i,2,3: The NAHE set is depicted in Table 1 below (in which a "1" denotes a periodic 
fermion and a "0" denotes an antiperiodic fermion), which highlights its cyclic permutation 
symmetry. In Table 1, the (y, w)"^, for m = 1 to 6, are the six pairs of real fermions that 
replace the left-moving bosonic scalar fields Xm for the six compactified directions and the 
corresponding {y, w)"^ are the six pairs of real fermions that replace the left- moving X^- 
All other fermions in Table 1 are complex. 

The gauge group resulting from the NAHE set is SO{10) x S0{6f x Es with = 1 
space-time supersymmetry. The matter content is 48 spinorial 16's of 5*0(10) matter states, 
coming from sixteen copies from each sector bi, b2 and bs. The sixteen copies in each sector 
are composed of 2 copies of (16, 4j) reps and 2 copies of (16, 4j) reps of 50(10) x 5*0(6)1 
(i=l,...,3 for each of the three 5'0(6)'s). The untwisted sector also contains six copies of a 
pair of Higgs for each generation in the form of (10, 6j) reps of 5*0(10) x 5*0(6),, in addition 
to a single (6j,6j) rep of 50(6)^ ® 50(6)^, for each case of i,j G {1,2,3} and i ^ j. In a 
real basis of the y and w, the generators of 5*0(6)i are {f]^,y^, y'^, w^,w^); of 5*0(6)2 are 
(r/^,^^, if", y^,]f); and of 5*0(6)3 are (rj^,w^, w^, w^,w^). 

The three sectors bi, b2 and b3 are the three unique twisted sectors of the corresponding 
X ^2 orbifold compactification. The Z2 ^ ^2 ^cts on the (y, w)i and {y, w)i in the hi 
according to 

n- {y,yr=^-'' ^ (y + l,y + l)"*(mod2) (2.1) 

7L\: (y, J/)'"=^'2; (^/;, II;)"=5'6 ^ (y + 1, j^+1)"^; (^i; + l, ^Z; + l)"(mod2). (2.2) 

Thus, bi is a ^2 twisted sector; b2 is a twisted sector, and ba + 1 is a Z2 ® ^2 twisted 
sector. The Zg x NAHE orbifold is special precisely because of the existence of three 
twisted sectors (one per generation) that have a permutation symmetry with respect to the 
horizontal 5*0(6)^ symmetries. This symmetry enables bi + b2 + ba + 1 to generate the 
massless sector that produces the spinor components of the hidden sector gauge group. 

As discussed previously, the NAHE set is common to a large class of three generation 
free fermionic models. Model construction proceeds by adding to the NAHE set three or 
four additional boundary condition basis vectors which simultaneously break 5*0(10) to one 
of its subgroups, SU{b) x C/(l), ^0(6) x SO{A) or 5[/(3) x SU{2) x U{lf, and reduce the 
number of generations to three chiral, one from each of the sectors bi, b2 and h^,. The 
various three generation models differ in their detailed phenomenological properties based 
on the specific assignment of boundary condition basis vector for the internal world-sheet 
fermions {y, w\y^ w}^' " This is one reason for our interest in examining the properties of a 
new class of models based on a NAHE variation for which some of the boundary conditions 
of the {y,w\y,wY'''^ are exchanged. 
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Table 1. The NAHE Set 
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1,.. 
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0,.. 


.,0 
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..,6 




^5,6 
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..,4 




..,4 
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1,.. 


.,1 


1,.. 


•,1 
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..,1 


1,. 


..,1 


1,.. 
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1,.. 


,1 
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0,.. 


.,0 


0,.. 


.,0 


0,. 


..,0 


0,. 


..,0 


0,.. 


,0 


0,.. 


,0 


bi 


2 


1,.. 


•,1 


1,.. 


•,1 


0,. 


..,0 


0,. 


..,0 


0,.. 


,0 


0,.. 


,0 


b2 


2 


0,.. 


.,0 


0,.. 


.,0 


1,- 


..,1 


1,- 


..,1 


0,.. 


,0 


0,.. 


,0 


bs 


2 


0,.. 


.,0 


0,.. 


.,0 


0,. 


..,0 


0,. 


..,0 


1,.. 


,1 


1,.. 


,1 



The NAHE variation under discussion is produced by exchanging some of the periodic 
and anti-periodic boundary conditions in the second and third generation sectors, as shown 
in Tabic 2: In b2 the boundary conditions of and (w, W)™^^'^ are interchanged and 

in ba the boundary conditions of (y^ y)™'=i'2.3'4 g^,^^ :yj^m=i,2,3,4 interchanged. Under 
this exchange, both and now induce twists solely among the (|/, y)"' and no longer 
among the (w, w)"*. Further, Z" (g) Z^ now corresponds exactly to bs, rather than to bs + 1. 
The effect of the exchanged boundary conditions for the Z" and Z** twists is very non-trivial. 

Table 2. A Variation on the NAHE Set 



Sec 


N 


yl.2 


yl.2 


^3,4 


^3.4 


^5.6 


^5,6 




..,6 


w ■ 


6 


bi 


2 


0,0 


0,0 


1,1 


1,1 


1,1 


1,1 


0,.. 


,0 


0,.. 


.,0 


b2 


2 


1,1 


1,1 


0,0 


0,0 


1,1 


1,1 


0,.. 


,0 


0,.. 


.,0 


bs 


2 


1,1 


1,1 


1,1 


1,1 


0,0 


0,0 


0,.. 


,0 


0,.. 


•,o 



The observable gauge group is enhanced io Eq®U {1)^ and the hidden sector gauge group 
transforms into SO{22). The change in gauge group occurs because now it is the combination 
of S -|- bi + b2 + bs, rather than of 1 + bi + b2 -|- ba, that forms a massless spinor gauge 
group sector. Thus, in the NAHE variation there is a massless spinor sector involving the five 
complex ip and the three complex r] observable sector fermions rather than the eight complex 
(f) hidden sector fermions. This massless spinor sector enhances the 5*0 (10) symmetry into 
Eq. The enhancement is into rather than E^ because of the GSO constraints the bj basis 
vectors place on the rf spinors. 

The trace component of the 3 complex rj fermions is absorbed into the E^, leaving rf — rf 
and fj^ + rf — 2rf as generators of extra U{1) charges, along with the 3 extra U (l)'s generated 
by the complex = y^ + iy"^, y^^ = y^ + iy'^, and y^^^ = y^ + iy*^. 
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Instead of producing 8 copies of non-chiral generations of SO (10) 16's in each bj sector, 
this NAHE variation produces 1 non-chiral generation of Eq 27's in each {l,bj} sector set 
and an additional 4 non-chiral generations in each of the three {S -|- bj + bj}, i ^ j sector. 
(See Appendix A.) Thus, this model corresponds to h^'^ = h?'^ = 15. This model thus has 
the Hodge numbers and twisted sector matter distributions of the orbifold models (1 — 2) 
and (1 — 8) of [19] and may be the free fermionic equivalent of one of these. 

The NAHE variation also contains 45 pairs of vector-like non-Abelian matter singlets 
(carrying U{1) charges) with 9 pairs coming from the untwisted sector and 12 pairs from 
each of the three bj + b^ sectors. The untwisted sector also contains 6 copies of 22 reps of 
the hidden sector 5*0(22), while each S -|- bj -|- bj sector produces an additional 8 copies of 
22 reps of 50(22). The third order components of the model's superpotential are given in 
Appendix B. (The next lowest order terms are fifth order-there are no fourth order terms.) 

In concluding this section, we note that our NAHE variation has connection with another 
variation discussed in [8j that is formed from 6 basis vectors. In that model, the sector formed 
by the sum of the three bj in our above variation was denoted as "X" and was added to the 
NAHE group. The observable sector GUT gauge group was also raised to E^, with the same 
f/(l) enhancing 50(10) to Eq. The total gauge group became Eq t/(l)^ 5*0(4)^ (g) Eg, in 
contrast to our Eq (g) U{lf (g> 5*0(22). 

3 Examination of Example NAHE- Variation Based Models 

In |15] we introduced a general algorithm for systematic generation of the complete set 
of WCFFHS gauge group models up to a chosen layer L (number of basic vectors) and order 
N (the lowest common multiple of the orders iVj of the respective basis vectors Vj, whereby 
A^j is the smallest positive integer such that AjVj = (mod2). (By gauge models, we mean 
those containing basis vectors with anti-periodic left-moving fermions.) We have generalized 
our algorithm for systematical generation of models containing twisted matter sectors and, 
relatedly, have begun a systematic investigation of 5*0(10) NAHE-based models [18]. Now, 
with the construction of the Eq NAHE-variation presented herein, we are also initiating 
a parallel systematic investigation of models with the NAHE-variation as their core. The 
general phenomenology of this new class of models, and the particular characteristics of sub- 
classes of models defined by their observable gauge group will be presented in an upcoming 
series of papers. 

One aspect of the NAHE-variation class of models that we will pursue are mirror models. 
That is, models with matching observable and hidden sector gauge groups and matter states. 
The possibility of NAHE-based mirror models was explored in [21]. It was shown that 
GSO constraints imposed by the observable sector on the charges of hidden sector states 
significantly hinder realization of mirror models since the charges of observable sector states 
in NAHE-based models are spread out beyond half (22) of the total number of right-moving 
complex fermions. In fact, in [21], we showed that in a large class (perhaps all) of NAHE- 
based models with mirror basis vectors, these GSO constraints enforce spontaneous breaking 
of an initial mirror symmetry of gauge groups. 

However, our variation on the NAHE set appears more conducive to mirror model con- 
struction, since the Z2 ® ^2 twist in the NAHE variation allow observable sector states to 
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carry charges within just the first 11 of the 22 right-moving complex fermions, allowing the 
additional 11 charges to be reserved for hidden sector states. Specifically, an additional 
three sectors denoted b-^^^ ^ 3 mirroring bj=i^2,3 in the hidden sector might be added to 
our NAHE variation to generate an [E^ ® f^(l)^)obs ® {Eq (g) f/(l)^)hid model with matching 
matter statesJll 

It should be noted that, nevertheless, the GSO projections between observable and hidden 
massless matter sectors can never be totally independent, since the observable and hidden 
matter sectors will always have a periodic complex spacetime fermion in common. Modular 
invariance constraints require that any pair of order-2 mirror matter sectors have at least one 
more non-zero complex fermion boundary condition in common, albeit the complex fermion 
can be either a left-moving or right-moving. Hence, for order-2 the modular invariance rules 
cannot be satisfied by simply adding an additional set of hidden sector mirror matter sectors 
b^, for z = 1 to 3, with real right-moving components defined by (bj" = (bj)^^"". In this 
case, while b^ ■ b, satisfy modular invariance requirements, b^ ■ hj^i do not. As we will show 
in [25], for higher order basis vectors, this requirement is lifted - mirror observable/hidden 
matter sectors with either only a periodic spacetime boundary condition in common or else 
only a periodic spacetime and left-moving complex fermion x boundary condition in common 
are consistent with modular invariance. 

Results of our full exploration of gauge and matter mirror models based on our NAHE 
variation will appear in [25] . Rather than discuss the range now, we will discuss a few inter- 
esting mirror models which we have constructed by hand, randomly, and systematically. 

As a first example, we present an interesting NAHE variation-based example of a gauge 
(but not matter) mirror model that satisfies modular invariance requirements. The ob- 
servable and hidden sector matter basis vectors are not completely mirrors among the 
{r]^ \y^\w^^}. Hence observable and hidden sector matter are not mirror images. The 
gauge group is (-E6)obs ® (t/(l))^ ® SU (4) (-E6)hid- The model is chiral with 21 27 reps and 
3 27 reps of (£'6)obs- (The untwisted sector provides 3 27's and 3 27's - the 18 net chiral 
reps are all from the twisted sectors.) The model also contains 12 4 and 12 4 reps (not in 
vector-like pairs) of SU{4:) and 48 U{1)^ - charged non-Abelian singlets. There are neither 27 
nor 27 reps of (i?6)hid- A net twist from additional sectors is needed to simultaneously (1) 
reduce (£'6)obs to a (semi-) GUT that does not require adjoint or higher scalar reps to induce 
a spontaneous symmetry breaking to the MSSM at low energy, and (2) reduce the number of 
copies of each matter generation from 6 to 1. The basis vectors and GSO projection matrix 
are given in Tables 3a and 3b. 



t Nevertheless singlet states carrying both observable U{1)^^^^ and hidden U(l)^^^ charges are likely to 
exist, and therefore mix the observable and hidden sectors at high orders in the superpotential. 
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Table 3a. NAHE Variation Mirrored Gauge Group Model Basis Vectors 



Sec 
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1 


S 
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,0 
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J. , . . . 


,1 





1 
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,0 


b3 
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1 








1 


1,... 


,1 








1 











0,... 


,0 


b; 


2 


1 


1 








0,... 


,0 





1 


1 


1 








1,... 


,1 


b; 
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1 





1 





0,... 


,0 


1 





1 





1 





1,... 


,1 


b; 


2 


1 








1 


0,... 


,0 


1 


1 











1 


1,... 


,1 



Sec 
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^1,2 


^1,2 


^3,4 








1 2 


1 2 










1 


2 


1,1 


1,1 


1,1 


1,1 


1,1 


1,1 


1,1 


1,1 


1,1 


1,1 


1,1 


1,1 


s 


2 


0,0 


0,0 


0,0 


0,0 


0,0 


0,0 


0,0 


0,0 


0,0 


0,0 


0,0 


0,0 


bi 


2 


0,0 


0,0 


1,1 


1,1 


1,1 


1,1 


0,0 


0,0 


0,0 


0,0 


0,0 


0,0 


b2 


2 


1,1 


1,1 


0,0 


0,0 


1,1 


1,1 


0,0 


0,0 


0,0 


0,0 


0,0 


0,0 


bs 


2 


1,1 


1,1 


1,1 


1,1 


0,0 


0,0 


0,0 


0,0 


0,0 


0,0 


0,0 


0,0 


b'l 


2 


0,0 


0,0 


0,0 


0,0 


0,0 


0,0 


0,0 


0,0 


1,1 


0,0 


1,1 


0,0 


b'2 


2 


0,0 


0,0 


0,0 


0,0 


0,0 


0,0 


1,1 


0,0 


0,0 


0,0 


1,1 


0,0 


b'a 


2 


0,0 


0,0 


0,0 


0,0 


0,0 


0,0 


1,1 


0,0 


1,1 


0,0 


0,0 


0,0 



Table 3b. NAHE Variation Mirrored Gauge Group Model GSO Projection 
Matrix 
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1 
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1 


1 


1 


1 
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1 
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1 
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1 
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1 


1 

















1 
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The next two models were generated randomly during the testing phases of Baylor Univer- 
sity's new software for generating free fermionic heterotic string models, the FF Framework. 
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These models have semi-mirrored gauge groups and mirrored matter states, and are non- 
supersymmetric. (The output format for basis vectors and particle content is a standard 
feature of the FF Framework.) 

In Table 4. a, the first of these two models shows two gauge groups (both 5*0(11)) which 
have mirrored matter states. It is also worth noting that there is only one "mixed" matter 
state which transforms under both. The other non-Abelian matter representations of those 
groups do not couple with one another. While there is an additional 5*0(10) gauge group, 
the matter representations of that group also do not couple with the matter representations 
of the two 5*0 (11) 's. The mirrored gauge and matter representations of this model are not 
readily apparent from the basis vectors, as the non-simply laced gauge groups in the model 
are produced by a twisted basis. The basis vectors and the kij matrix are in appendix [Bl 
The fact that the mirroring of this model is not readily apparent emphasizes the need for 
systematic construction of the NAHE- variation extensions, as is currently in progress. With- 
out a complete search of all possible basis vectors, models in which this symmetry is present 
may go unnoticed. 

Table 3.d - Mirrored Matter Representations Model 2 - Particle Content 



QTY 


50(11) 


50(11) 


50(10) 


8 


1 


1 


T6 


88 


1 


1 


1 


12 


1 


1 


10 


12 


1 


1 


16 


16 


1 


11 


1 


2 


1 


32 


1 


16 


11 


1 


1 


1 


11 


11 


1 


2 


32 


1 


1 



Total Matter Representations: 157 
Number of ST SUSYs: 



The next model, presented in table 3.b, has mirrored 5*0(10) gauge groups. In this model, 
the matter representations of these gauge groups do not couple with one another, but each 
50(10) has a single state which couples to the additional, non-mirrored gauge group 
50(14). In this case, the mirroring of the gauge groups is evident from the basis vectors, 
shown in table 3.c. In particular, the elements ?^i'i*' - '5>5* ^i,i*,. -,3,3* ^^le elements 
0i,i*,...,8,8* exactly the same. The real elements y^'---'^ y;iv,6 ^^^^^ g^jg^ mirrored 
exactly. The kij matrix is in appendix [Bl 
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Table 3.e - Mirror Matter Representations Model 3 - Pcirticle Content 





oU[iO ) 




C/O / I /I \ 

OU[i4: ) 


8 


T6 


1 


1 


8 


1 


I6 


1 


40 


1 


1 


1 


12 


1 


1 


14 


14 


1 


10 


1 


1 


1 


10 


14 


Q 


1 
i 


io 


1 
i 


14 


10 


1 


1 


1 


10 


1 


14 


8 


16 


1 


1 



Total Matter Representations: 114 



Number of ST SUSYs: 

Table 3.f - Mirror Matter Representations Model 3 - Basis Vectors 



Sec 


N 










w-^ 
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2 
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1 


1 


1 


1 


1 
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1 
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b2 
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1 


1 





1 








1 





bs 


2 


1 


1 





1 








1 





0(0 


3 


1 


1 


1 








1 
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3 

X 


^3 




4 

X 


y' 


4 




y' 


5 

w 


x^' 


y6 




1 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


bi 


2 





1 








1 








1 








1 





b2 


2 


1 








1 











1 








1 





bs 


2 





1 








1 





1 








1 








ao 


3 


1 








1 








1 








1 
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If 


—2* 

VJ 


ijj 


—3* 

ijj 




—4* 

lb 




— t)* 

%b 
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^2 
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7] 


—3 

7] 


^3* 


1 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


bi 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 














b2 
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1 


1 


1 


1 


1 


1 


1 
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The last (fourth) is a mirrored with regard to both gauge groups and matter 
representations. The observable and hidden gauge groups are {EQ)obs ® {.Eq)^^^ with an 
additional 5*0(14). The matter representations from each gauge group do not interact 
under gauge transformations with any other group. The Eq representations also do not 
display chirality. This model was found during a systematic investigation of the 
NAHE- variation basis vectors, with only one additional basis vector of order 3. A full 
report on that investigation will be presented soon. The basis vectors which produced this 
model are presented in appendix [Bl 

Table 3.g Mirror Matter Representation Model 4 - Particle Content 



QTY 


50(14) 


E& 


Eq 


6 


1 


27 


1 


6 


1 


1 


27 


6 


1 


1 


27 


6 


1 


27 


1 


12 


14 


1 


1 



Total Matter Representations: 36 
Number of ST SUSYs: 2 

4 Conclusion 

We introduced a variation on the traditional NAHE set with the intent of creating a new 
class of models for examination. These models are more easily open to geometric interpreta- 
tion, and can thus be compared to other heterotic string construction methods, specifically 
the orbifold method. Systematic construction and examination of the overlap between orb- 
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ifolds and free fermions is crucial to a better understanding of the string theory landscape. 

Additionally, models based on this variation are more apt to display a mirroring between 
the hidden and observable gauge groups, due to having larger sets of matching boundary 
conditions for the right moving part of the basis set. This was demonstrated by the models 
presented herein. It was also shown that, although this mirroring can be evident in the basis 
vectors which produce the model, it is not always so. Thus, a complete examination of the 
input space for this class of models is needed to fully explore these "mirror models." Such 
an investigation is currently underway. 
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A NAHE Variation 

A.l Eg U{1)^ ® 50(22) States 

Note: all U{1) charges below have been multiplied by a factor or 4 to eliminate fractions. 
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A.2 Eq ® U{lf ® SO{22) Third Order Superpotential (No Fourth Order Terms 
Exist) 

Gi G2 G3 + Gi G2 07 + Gi G^ 0g + Gi G4 Gj + Gi G^ Gq 

+ GiG4^1 +6-1^5^2 +GiG6^3 +GiG7^4 +^2^107 

+ G2 09 + G2 Gs Gil + G2 Gg GiQ + G2 Gg '021 + ^2 Gg ■022 
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+ 04 022 033 
+ 05 017 033 
+ 06 018 034 
+ 07 019 035 

+ 08 020 036 
+ 09 013 033 
+ 010 014 034 
+ 011 015 035 
+ 012 016 036 
+ 013 026 04 
+ 014 011 029 
+ 015 H3 H22 
+ 016 Hu H2g 
+ 018 029_02 
+ 019 06 ^28 
+ 020 H3 Hig 

+ 021 -^14 -f^24 
+ 023 029 06 
+ 024 032 07 

+ 026 He H2g 

+ 028 H7 Hig 
+ 031 H5 H28 
+ 033 -f^lO -f^l6 

+ 036 H7 Hn 

+ 01 ^16 ^23 
+ 03 V^21 V^36 
+ 04 V'22 V'33 
+ 05 i7i6 H28 

+ 07 Hi Hs 

+ ^9 ^13 ^"33 

+ 010 Hn H27 

+ 012 H2 Hio 
+ 014 Hs H26 

+ 0iy Hs Hl7 

+ V'19 Hg H23 



+ 01 023 036 
+ 01 ii'22 ^29 
+ 02 ^21 ^8 

+ 03 016 ^25 
+ 04 013 028 
+ 05 025 020 
+ 06 026 019 
+ 07 027 018 
+ 08 028 017 
+ 09 029 016 
+ 010 030 015 
+ 011 031 014 
+ 012 032 013 

+ 013 012 ^30 
+ 014 H4 H21 

+ 015 -H"l4 H3Q 
+ 017 030^/^2 
+ 018 07 025 
+ 019 H3 H20 
+ 020 -f^l2 -f^29 
+ 022 026 09 
+ 023 031 08 
+ 024 -H"ll -f^25 
+ 026 -^8 -f^l9 
+ 029 H5 H30 
+ 031 Hg H22 
+ 034 Hs Hn 
+ 036 Hg Hi^ 
+ 02 ^^23 ^34 
+ 03 V'22 V'35 
+ 04 ^17 ^26 

+ ik, V'lS ^"34 
+ 07 ifi6 -^30 
+ 09 ^1 i/g 
+ V^ll ^15 ^"35 
+ 012 -^17 -f^29 
+ 015 Hi Hi5 
+ 017 Hio H25 
+ 020 H4 His 



+ 01 024 035 

+ 02 023 034 
+ 02 -^22 -f^27 
+ 03 H'19 

+ 04 014 027 
+ 05 024 ^^32 
+ 06 023 V^Sl 
+ 07 024 V^30 
+ 08 023 ^29 
+ 09 022 ^8 
+ 010 021 ^27 
+ 011 022 026 
+ 012 021 025 
+ 013 H4 H22 

+ 014 -f^l3 -f^27 

+ 016 027_03 

+ 017 08 V'26 

+ 018 H4 Hig 

+ 019 -f^l2 H30 

+ 021 025 010 

+ 022 028 011 

+ 023 -f^ll -f^26 

+ 024 -f^l2 -f^23 

+ 027 He H2S 

+ 029 -f^lO -f^22 
+ 032 H5 H27 
+ 034 JIl0_Hl5 
+ 01 023 ^36 
+ 02 ^"24 ^"33 
+ 03 i?i7 if24 
+ 04 ifi8 i?25 
+ 06 H2 Hj 

+ 08 ^20 ^"36 
+ 09 i^is ii'28 

+ 011 Hi Hio 

+ 013 H3 Hi5 

+ ih5 H7 H23 

+ 018 H3 His 
+ 020 Hg H24 



+ 01 019 "030 

+ 02 024 033 

+ 03 021 036 

+ 03 -f^20 -f^29 

+ 04 Hig H2S 

+ 05 H2 Hi4 

+ 06 Hi Hi4 

+ 07 H2 Hi3 

+ 08 Hi Hi3 

+ 09 H2 H12 

+ 010 Hi H12 
+ 011 H2 Hn 
+ 012 Hi Hn 

+ 013 -f^l3 -f^28 

+ 015 028_03 

+ 016 09 "031 

+ 017 H4 H20 

+ 018 Hn H27 

+ 020 031 01 
+ 021 027 012 
+ 022 -f^l3 -f^25 
+ 023 -f^l2 -f^24 
+ 025 Hq H30 
+ 027 H7 H20 
+ 030 H5 H2g 
+ 032 Hg H21 
+ 035 Jl7 His 

+ 01 024 ^^35 
+ 02 ii"l5 H2fi 
+ 03 ^18 ^23 

+ 05 "017 "033 
+ 06 Hi5 H27 

+ f_sH_2H^ 

+ 010 ^14 ^"34 
+ 011 ^18 ^30 
+ 013 Hs H25 

+ 016 H4 Hie 

+ 018 -f^lO -f^26 
+ 021 H7 H2g 
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+ f_21 Hg H27 
+ 'jhA Hg H^o 
+ "^26 -^14 His 

+ -^29 He H25 
+ -^31 Hn Hi5 

+ V^34 Hii H22 
+ i'sG HlA H20 



+ ^22 H7 H30 

+ V^24 -f^lO H2S 

+ f_27 H5 H23 

+ V^29 H12 Hi5 

+ -^32 He H24 

+ i'34 Hi3 H20 



+ ^22 Hs H28 

+ f_2-> H5 H25 

+ f_27 Hl3 Hn 
+ -^30 H2% 

+ -^32 Hii if 16 

+ V'SS ^12 H21 



+ ^23 -^9 -f^29 

+ V^25 ^14 ^17 

+ ^28 ^5 ^^24 

+ ^30 H12 Hie 

+ V^33 ifii H21 

+ ^35 ^14 ^^19 



+ ^23 Hio H27 
+ V^26 ^5 ^^26 
+ V^28 ^13 ^^18 
+ -^31 Hq H23 
+ -^33 His Hi9 
+ "^36 -^12 -^22 



B Mirror Matter Model Inputs 

Presented here are the inputs which produced the models in section E] that were not 
included in the discussion of those models. 

Table B.a - Mirrored Matter Representations Model 2 - Basis Vectors 



Sec 


N 
















w"^ 


1 


2 


1 


1 


1 


1 


1 


1 


1 


1 


S 


2 


1 


1 


1 








1 








bi 


2 


1 


1 


1 








1 








b2 


2 


1 


1 





1 








1 





bs 


2 


1 


1 





1 








1 





ai 


2 


1 


1 


1 








1 









Sec 


N 




y3 




4 

X 


y' 


4 

w 


x^ 


y5 




x^ 


y6 




1 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


s 


2 


1 








1 








1 








1 








bi 


2 





1 








1 








1 








1 





b2 


2 


1 








1 











1 








1 





bs 


2 





1 








1 





1 








1 








ai 


2 


1 


1 


1 


1 


1 


1 


1 








1 


1 


1 



Sec 


N 


J' 


-1* 


i- 


—2* 


?^ 


—r'.i* 




—4* 


t 




7]^ 


^1* 


^2 




^3 


^s* 


1 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


s 


2 


















































bi 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 














b2 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 








1 


1 








bs 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 














1 


1 


ai 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 
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Sec 


N 




t 


yi 




^5 






w"^ 




— 4 

w 


w'^ 




1 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


S 


2 






































bi 


2 








1 


1 


1 


1 




















b2 


2 


1 


1 








1 


1 




















h 


2 


1 


1 


1 


1 




























2 








1 


1 





1 





1 


1 


1 


1 


1 



Sec 


N 


— i 


— i* 


—2 


—2* 


— :-! 


— ;-)* 


—1 


—1* 






—6 


— (i* 




— y* 


— K 


—8* 


q 


p 


o 


o 


o 


o 


p 


o 


a 


o 


q 


q 


q 


q 


q 


q 


1 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


s 


2 


















































bi 


2 


















































b2 


2 


















































bs 


2 




















































2 
































1 


1 


1 


1 


1 


1 



Table B.b - Mirror Matter Representations Model 2 - kij Matrix 



kii Matrix x 2 : 



/ 


1 


S 


&i 


&2 


^3 


Q.l 




1 








2 


2 


2 


2 




s 

















2 




bi 


2 


2 


2 


2 


2 


2 




b2 


2 


2 


2 


2 


2 


2 




bs 


2 


2 


2 


2 


2 


2 




\ Oil 


2 


2 


2 


2 


2 








Table B.c Mirror Matter Representation Model 3 - kij Matrix 



kii Matrix x 6 : 



/ 


1 


bi 


b2 


&3 


ao 


\ 


1 





6 


6 


6 


4 




bi 


6 


6 


6 


6 


4 




b2 


6 


6 


6 


6 


2 




bs 


6 


6 


6 


6 


2 




\ «o 


6 


6 


6 


6 





/ 
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Table B.d - Mirror Matter Representations Model 4 - Beisis Vectors 



&ec 


1\T 

iN 














y 




i 


z 


i 


i 


i 


i 


i 


i 


i 


i 


c 
b 


o 


1 

i 


1 

i 


1 

i 


(J 


(J 


1 

i 


(J 


U 




2 


1 


1 


1 








1 










2 


1 


1 





1 








1 





h 


2 


1 


1 





1 








1 







3 


1 


1 


1 








1 









Sec 


N 


3 


y3 




4 

X 


y' 


4 

w 


x^ 


y5 


5 

w 


x^ 


y' 




1 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


S 


2 


1 








1 








1 








1 










2 





1 








1 








1 








1 





b2 


2 


1 








1 











1 








1 





bs 


2 





1 








1 





1 








1 








ai 


3 





1 








1 








1 








1 






Sec 


N 




-i* 

ip 




—2* 




—3* 

IP 




—4* 

1p 




—5* 

1p 


f]^ 


^1* 


^2 


—2* 

f] 


^3 


^3* 


1 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


s 


2 


















































bi 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 














b2 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 








1 


1 








b3 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 














1 


1 




3 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 














1 


1 



Sec 


N 


t 


y' 


y3 


y' 


y5 


y6 




w'^ 




— 4 

w 






1 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


s 


2 






































bi 


2 








1 


1 


1 


1 




















b2 


2 


1 


1 








1 


1 




















bs 


2 


1 


1 


1 


1 




























3 














1 


1 





















Sec 


N 









—2* 


f' 




5* 


—4* 


t 


—5* 







— b* 




5'' 


r 





—8* 




1 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


s 


2 


















































bi 


2 


















































b2 


2 


















































b3 


2 


















































ai 


3 




















1 


1 


1 


1 


1 


1 


1 


1 


1 


1 



18 



Table B.e - Mirror Matter Representation - Model 4 - kij Matrix 

Matrix x 6 : 





1 
i 


Q 
O 


L 

Oi 


L 

02 


L 

O3 




1 
i 


U 


U 


P. 










U 


s 


n 


n 


n 


n 


n 


n 


bi 


6 


6 


6 


6 


6 





b2 


6 


6 


6 


6 


6 





bs 


6 


6 


6 


6 


6 


6 


ai 





6 





6 





4 
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